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ABSTRACT 

Dynamic road conditions are one of the challenges in finding optimal vehicle 

routes. One of the problems that may arise is a change in road conditions that will be 

traversed suddenly, for example a sudden traffic jam due to an accident or an 

unexpected disaster. When this happens, the initial route that was previously used 

must be recalculated to get an alternative route before the driver enters the traffic 

jam. This article aims to design a graph-based model that utilizes the Dijkstra 

Algorithm to help motorists obtain alternative routes to go through. Graph model is 

certainly a very effective model for representing a model of a highway network. In 

addition, the Dijkstra Algorithm itself is widely known as the optimal method for 

finding the shortest path from the starting point to the intended endpoint. 

Key words: graph, dijkstra, alternative route, shortest path, transportation. 
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1. INTRODUCTION 

The optimal route search is one of the real-world problems that can be solved using a 

computer algorithm approach. To be able to do this, first the road network needs to be 

modeled appropriately so that computer algorithms can be applied effectively to find the route 

of a vehicle. Graph theory is a very appropriate approach for modeling highway networks. In 

graph theory, we can represent each intersection on a highway as a node or point that is 

connected to a node or other intersections through a highway connection, where in each 

connection we add a weight value that states the 'cost' of the journey from the origin node to 

the destination node. 
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In graph theory, there is also a process of finding a route or route from a starting point to 

an end point, where the route must have a minimum travel cost. This process is commonly 

referred to as the shortest path finding. There are a number of computer algorithms that can be 

applied to solve this problem, one of the popular and very effective in finding the optimal 

route is the Dijkstra Algorithm. 

Scientists in the field of computer science have long conducted research to solve the 

problem of shortest path finding in various cases using the Dijkstra Algorithm. Some of them 

apply the case study to search for disaster evacuation routes [1], search for in and out routes 

of vehicles carrying building materials in the project area [2], search for paths to the nearest 

parking lot [3], and find the optimal travel route to save fuel usage and time [4-6]. 

Nevertheless, the Dijkstra Algorithm is not only useful for finding travel routes, but can also 

be applied to other cases that can be modeled into graphs [13] 

This article aims to present a road network modeling scheme using graph theory, as well 

as provide an overview of the procedures for finding vehicle travel routes by minimizing 

travel costs [11-12, 14]. In this case, the cost of the trip can be in the form of vehicle distance 

from the point of departure to the destination point, travel costs (eg must pass the toll road), 

conditions of road density, road surface conditions, or even road insecurity conditions for 

accidents, etc. By understanding the problems to be solved, the graph model that is created 

will be able to provide optimal solutions. 

2. RESEARCH METHODS 

2.1. Graph Theory 

Graph is a modeling in the form of a set of objects called points or nodes that are connected to 

each other through a line called a vertex. Based on the type of vertex, the graph can be 

divided into two types, namely directed graph and non-directed graph. The existence of a 

direction on a vertex that connects two nodes states that the adjacency relationship between 

the two codes only applies from the starting point to the end point indicated by the direction 

of the arrow at the vertex. On the contrary, on the non-directed graph, the relationship of the 

relationship applies from both sides of the node. In addition, at the vertex can also be added a 

value which is usually called weights to express the value of adjacency between the two nodes 

connected to it. Figure 1 illustrates directed and non-directed graphs. 

 

Figure 1 Illustration of non-directed graph (a) and directed graph (b). Each vertex on the graph 

has its own weight. 

The adjacency relationship in the graph can be represented in the matrix structure as 

shown in Figure 2, where the value in the matrix indicates the presence or absence of 

relationships between nodes. A value of 1 states that there is a adjacency relationship between 

non-directed graphs directed graphs 
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two nodes, while a value of 0 states that there are no adjacency relationships between these 

nodes. This matrix is commonly referred to as adjacency matrix or adjacency matrix. 

In computer science, graphs are often used to represent relationships between cities or 

regions in a region. The connection between one city and another city is indicated by the 

existence of a road that connects the two. Another example is to represent the road relations in 

an area, where each intersection will be marked as a node, while the vertex represents a road 

connection between the intersection of one with the other intersection. 

 

Figure 2 The adjacency matrix for non-directed graphs and directed graphs in Figure 1. 

Based on the adjacency matrix in Figure 2, it can be seen that the non-directed graph has a 

symmetrical adjacency matrix (there is a reflection between the diagonal of the matrix). This 

is because the relationship between node A and node B is considered the same as the 

relationship of node B to node A. Conversely, it is not the case with the adjacency matrix on 

directed graphs, because in the graph, the relationship between node A to node B is not the 

same as node B to node A, because the adjacency is determined by the vertex direction on 

both nodes. 

 

Figure 3 Illustration of combination graph and adjacency matrix with vertex weight 

In the case study of highway network modeling, the two graph models can be 

implemented simultaneously (combination), for example a directed graph is used to express 

the existence of direct current from node A to node B, while the non-directed graph is used to 

express the existence of two-way currents at node A and node B (see Figure 3). The weight of 

each vertex on the road network can also be included in the adjacency matrix by replacing the 

number 1 in the adjacency matrix with the weight of the vertex, where the weight of the 

vertex between the two nodes of the size> 0 states that there is a relationship between the two 

nodes with the weight contained in matrix. 

combination adjacency 

adjacency matrix for 

non-directed 

graphs 

adjacency matrix for 

directed graphs 
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2.2. Shortest Path Finding 

In graph theory, the term shortest path finding is known as a route search mechanism from the 

starting point to the end point with minimal travel costs. As mentioned earlier that travel costs 

can be in the form of vehicle mileage from the point of departure to the destination point, 

travel costs (eg must pass through toll roads, gasoline costs), conditions of road density, road 

surface conditions, or even road hazard conditions to accidents, etc. In its implementation, 

several types of costs can be combined, so the system is representative enough to model the 

actual road conditions, for example the weight of the vertex is calculated based on two types 

of costs, namely travel distance, and road density conditions. Equation (1) aims to calculate 

the total weight of each vertex on a graph by combining several types of costs, where i is the 

index node on the graph, j is the weight type index vertex, and wi, j is the cost value at the i 

vertex, the type of weight j. 

   ∑     
 

   
 (1) 

Equation (1) can basically be expanded by adding a percentage for each type of cost, with 

the aim of giving a higher value to certain costs. For example, if the condition of road density 

is considered more important than the distance traveled, then the cost of road density 

conditions can be given a percentage value that is higher than the cost of the trip distance. 

This can be represented in equation (2), where pi is the percentage for the j cost. 

   ∑        
 
          with     ∑     

 
    (2) 

2.3. Dijkstra's Algorithm 

The algorithm proposed by Edger Dijkstra in 1959 was able to work effectively to find the 

optimal path that has the lowest total travel cost from the starting point to the intended 

endpoint [5]. This algorithm accepts input in the form of a weighted graph, an initial node, 

and an end node that is the destination of the route search. In fact, the Dijkstra Algorithm is 

claimed to be able to find solutions faster than some other algorithms such as A * (A star) and 

the Ant Colony Algorithm [7]. The Pseudocode of the Dijkstra Algorithm can be seen in 

Table 1. 

Table 1 Pseudocode from the Dijkstra Algorithm 

Algoritma Dijkstra 

Set adjacency matrix from graph G 

s = start node 

g = goal node 

cost = 0 

bestnode = s 

 

while bestnode ≠ g 

     for all successors of bestnode do 

        calculate the distance from s to these successors 

     end for 

 

     best_successor = successor with minimum distance from s 

     change bestnode with this current best_successor 

     update cost from s to bestnode 

end while 
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In general, the work procedure of this algorithm begins with initializing the initial node (s) 

and the end node (g). Then, the optimal route search is done iteratively until the algorithm 

reaches the end node. The search process starts by listing all the nodes that are adjacent to the 

node s, then the adjacency node that has the total weight or the smallest total cost of travel is 

saved as bestnode. After that, the search process is repeated with bestnode as the initial node. 

All adjacency nodes with the best node are accessed and selected adjacency nodes that have 

the smallest total cost of travel, calculated starting from the node s. Adjacency nodes that have 

the smallest total cost of travel costs (starting from node s) are stored as new bestnodes. And 

so on until the search reaches the node g. 

3. RESULTS AND DISCUSSION 

In this article, modeling is carried out using a combination graph with three cost components, 

namely travel distance (w1), travel costs / toll costs (w2), and road surface conditions (w3). In 

this modeling, the distance traveled is considered as the dominant cost factor, so the 

percentage will be given the highest value on the scale [0.1], while the cost of travel / toll 

costs is considered as a cost factor that is not too important, so that the smallest percentage is 

given. For example, w1 is given a percentage of 0.5, w2 is given a percentage of 0.1, and w3 is 

given a percentage value of 0.4 (the total percentage of w1 + w2 + w3 = 1). Thus, if translated 

based on equation (1) and equation (2), equation (3) is obtained. 

   ∑          
 

   
                  (3) 

  

 

Figure 4 Modeling the road network into a combination graph model. Each intersection is converted 

to a node. EH and FG lanes are multilevel toll roads. 

The graph model used can be seen in Figure 4, which is a combination graph with 9 

nodes, where node A is the starting point and node I is the end point. Each vertex contains the 

values w1, w2, and w3 sequentially, for example vertices that connect nodes A and B have 

weights (8.0,0), which means the cost of the distance from A to B is 8, the toll cost is 0 

(meaning vertex this is not a toll road), and the cost of road conditions is 3 (meaning that the 

road is not so smooth, some roads are hollow or uneven). The greater the value of the cost, the 

greater the total weight of the vertex. The value in the adjacency matrix in Figure 5 is 

obtained by calculating the cost at each vertex using equation (3). 

 

combination graph highway 
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Figure 5 Combined graph model with 9 nodes and adjacency matrix 

With a model like this, the optimal route that can be obtained using the Dijkstra Algorithm 

is A-D-E-H-I with a total travel cost of 14.2, as shown in Figure 6. The resulting route is via 

two toll roads on vertices DE and EH. Both toll roads are able to minimize travel costs, 

because the w3 cost component (condition of the road surface) is equal to 0, meaning that the 

road being passed is smooth and there is no damage to the road surface. 

 

Figure 6 The optimal route obtained is A-D-E-H-I with a total cost of 14.2 

Different results will be encountered if the percentage component at each vertex is 

omitted, meaning that each component of the travel costs is considered to have the same level 

of importance. In this way, the ADEHI route is no longer the optimal route, but instead 

changes to the ADFHI route with a total travel cost of 31 (see Figure 7), while the ADEHI 

route has a total cost of 32. This shows that the assignment of weight to the component of the 

travel costs will affect the route generated by the Dijkstra Algorithm. 

combination graph adjacency matrix 
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Figure 7 The optimal route generated is A-D-F-H-I if weighting vertices without a percentage 

component in travel costs 

4. CONCLUSIONS 

From the elaboration described earlier, it can be concluded that graphs can effectively model 

the road network, so that it can be used for computing processes. In addition, the Dijkstra 

Algorithm is also effective in finding the optimal route on the graph, namely the route with 

the smallest travel costs. The trip cost can be in the form of a single component cost, or it can 

be in the form of multiple components. At multiple component costs, the percentage of each 

component of costs affects the optimal route generated by the Dijkstra Algorithm. 
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